ABSTRACT Aims/Introduction: Although sodium-glucose cotransporter 2 inhibitors are a promising treatment for type 2 diabetes mellitus, they are associated with concerns about specific adverse drug reactions. We carried out a 1-year post-marketing study of tofogliflozin, a novel agent in this class, in Japanese elderly patients with type 2 diabetes mellitus. Materials and Methods: This was a prospective, observational and multicenter postmarketing study carried out in the context of routine clinical practice. The study included all type 2 diabetes patients aged ≥65 years who started treatment with tofogliflozin during the first 3 months after its launch on 23 May 2014. Results: Of 1,535 patients registered, 1,507 patients whose electronic case report forms were collected and who had at least one follow-up visit were included in the safety analysis. A total of 270 of 1,507 patients (17.92%) had at least one adverse drug reaction to tofogliflozin. The incidences of adverse drug reactions of special interest, namely, polyuria/ pollakiuria, volume depletion-related events, urinary tract infection, genital infection, hypoglycemia and skin disorders were 2.92, 3.85, 2.06, 1.33, 1.06 and 2.39%, respectively. Among those patients evaluable for clinical effectiveness, the mean change in glycated hemoglobin and bodyweight from baseline to last visit was -0.46% (P < 0.0001) and -2.71 kg (P < 0.0001), respectively. Conclusions: The present study showed that the incidence of adverse drug reactions to tofogliflozin in this study of elderly patients aged ≥65 years differed little from the incidence in the preapproval clinical trials. It was shown that tofogliflozin significantly decreased glycated hemoglobin levels.
INTRODUCTION
In the past two decades, there have been dramatic developments in the pharmaceutical options for treating type 2 diabetes mellitus 1, 2 . Presently, approximately seven classes of oral antidiabetic drugs and two classes of injectables are available for treating type 2 diabetes mellitus 3, 4 . Among these, sodium-glucose cotransporter (SGLT) 2 inhibitors are the newest class of agents 5, 6 . SGLT2 inhibitors exert their antidiabetic effects by inhibiting SGLT2, which is localized in the proximal renal tubule, and is responsible for approximately 90% of glucose reabsorption in the kidney 7 . Suppression of renal glucose reabsorption and an increase in urinary glucose excretion results in decreased blood glucose levels in an insulin-independent manner 8 . Tofogliflozin is a potent and highly selective SGLT2 inhibitor with a 2,900-fold selectivity for SGLT2 over SGLT1 [9] [10] [11] . Tofogliflozin was approved in Japan in 2014 for the treatment of type 2 diabetes mellitus as monotherapy or in combination with other antidiabetic agents administration of tofogliflozin for 24-52 weeks showed clinically relevant improvements in glycemic control associated with weight loss in phase 3 and long-term clinical studies [14] [15] [16] . In these studies, tofogliflozin was well tolerated, and most adverse drug reactions (ADRs) were mild or moderate in severity. In a total of 1,060 patients, 397 (37.5%) had ADRs, with the main adverse events being hyperketonemia (11.0%), dry mouth (7.5%) and pollakiuria (7.5%). The risk of hypoglycemia was low (3.3%) when tofogliflozin was administered as monotherapy 17, 18 . Six SGLT2 inhibitors were approved in Japan in 2014; ipragliflozin, dapagliflozin, luseogliflozin, tofogliflozin, canagliflozin and empagliflozin, and are currently widely used for the treatment of type 2 diabetes mellitus 19 . Shortly after the launch of SGLT2 inhibitors as a new class of antidiabetics, safety has become a major concern because of several serious ADRs recognized as class effects of SGLT2 inhibitors, including urinary tract and genital infections, ketoacidosis, dehydration, events resulting from dehydration, and skin disorders. These led to 'Recommendations on appropriate usage of SGLT2 inhibitors' being issued by a committee of Japanese experts in June 2014 20 . This statement recommended that special conditions must exist before treatment with any SGLT2 inhibitor in elderly patients is initiated, and all type 2 diabetes mellitus patients aged ≥65 years who started to receive these drugs within 3 months after its launch should be registered for inclusion in a post-marketing study.
A post-marketing study had been planned before approval according to the risk management plan and discussions with the regulatory agency before issuing of this recommendation statement. Accordingly, a post-marketing special drug use study of tofogliflozin in elderly patients with type 2 diabetes mellitus in routine clinical practice was initiated immediately after the launch 21, 22 . The study registered all elderly patients (whenever possible) who started treatment with tofogliflozin during the early post-marketing period. Patients enrolled were followed up for 1 year from the date of treatment initiation. We reported the interim analysis when the first 12 weeks of data became available 23 . Here, the final results of the post-marketing study of tofogliflozin are reported.
MATERIALS AND METHODS

Study design
This Japanese Study of Tofogliflozin with Type 2 Diabetes Mellitus Patients in an Observational Study of the Elderly (J-STEP/ EL) was a prospective, observational and multicenter post-marketing study co-sponsored by the manufacturers to investigate the safety and effectiveness of two tofogliflozin hydrate products, Deberza â 20-mg tablet (Kowa Company, Ltd., Nagoya, Japan) and Apleway â 20-mg tablet (Sanofi K.K., Tokyo, Japan). The study was carried out in accordance with the Japanese regulatory requirements stipulated in the Good Post-Marketing Study Practice 24 . All institutions that received a supply of a tofogliflozin hydrate product and started to use the product in elderly patients during the first 3 months after its launch were invited to participate in the study whenever possible. The present study was carried out from 23 May 2014 to 31 October 2015.
Participants and data assessment All patients aged ≥65 years who started to receive tofogliflozin for treatment of type 2 diabetes mellitus within 3 months (12 weeks) of its launch in Japan were registered using a central registration system from 23 May 2014 to 22 August 2014. Each patient was followed up for 1 year (52 weeks) from the date of treatment initiation. Clinical data recorded in electronic case report forms included demographic and baseline characteristics, details of tofogliflozin treatment, concomitant antidiabetic treatment, clinical course (vital signs, glycated hemoglobin [HbA1c], fasting blood glucose, laboratory tests) and adverse events (AEs).
AEs that occurred during the observation period were collected regardless of causality to the drug. The physician reported the name of the AE, the date of onset, seriousness and actions carried out for the event, including treatment with tofogliflozin, the outcome, the date of outcome and relationship of the AE to the drug. The actual events reported were based on the physician's judgment. The effectiveness variable was the effect on glycemic control.
Statistical analysis
AEs and ADRs were categorized according to the Medical Dictionary for Regulatory Activities/Japanese edition (MedDRA/J) version 18.1. The safety analysis set was defined as all patients for whom electronic case report forms were collected, excluding those with no follow-up visits after baseline. The effectiveness analysis set included all patients in the safety analysis set excluding those who did not have any effectiveness data. The Fisher's exact test was used to investigate the association of the incidence of ADRs with patient characteristics and treatment at baseline. Measurements at baseline and after treatment were compared using one-sample t-test. Factors associated with ADRs of special interest were initially examined by univariate logistic regression analysis using variables from patient characteristics and treatment at baseline. After identifying potential influencing factors, multivariate logistic regression analysis was carried out in a stepwise fashion to further investigate factors that contribute to ADRs of special interest. All statistical tests were two-sided, and the significance level was set at 5%. Missing data at 52 weeks were imputed with the last observation carried forward (LOCF) method, and the change from baseline to 52 weeks was calculated using last observation carried forward data. Sas 9.3 (SAS Institute Japan Ltd., Tokyo, Japan) was used for the statistical analyses.
safety analysis set consisted of 1,507 patients after exclusion of those who did not return to the site after treatment initiation (n = 4), those ineligible under the criteria (n = 2) and those registered, but for whom there was a contract deficiency (n = 1). Of the 1,507 patients, the effectiveness analysis set consisted of 1,424 patients after removal of 83 patients, because no effective data were available (Figure 1) . The mean observation period -standard deviation (SD) was 291.6 -141.1 days. In total, 549 patients (36.4%) discontinued tofogliflozin during the observation period. AEs were the most common reason for treatment discontinuation (n = 190; 12.6%), and other reasons included limited or no response (n = 116; 7.7%), failure to attend scheduled visits (n = 89; 5.9%), patient request (n = 84; 5.6%), improvement in diabetes (n = 21; 1.4%), physician request (n = 7; 0.5%) and others (n = 42; 2.8%). Table 1 Table 2 ). The number of patients who were treated with tofogliflozin monotherapy was 249 (16.5%), and among them, those who started taking tofogliflozin as their first treatment for type 2 diabetes mellitus numbered 158 (10.5%).
Safety results
The incidences of ADRs by system organ class for tofogliflozin in the present study and in clinical trials available at the time of drug approval are summarized in Table 3 (the ADRs by preferred term are shown in supporting Table S1 ). At approval, 397 patients (37.45%) had 685 ADRs, whereas in this study, 270 patients (17.92%) experienced 386 ADRs to tofogliflozin (the cumulative ADR incidence curve over time is shown in supporting Figure S1 ). The frequencies of the ADRs were 178 (17.66%) in patients aged ≥65 to <75 years, and 92 (18.44%) in those aged ≥75 years, respectively. The corresponding numbers of patients who developed serious ADRs were 20 (1.98%) and 13 (2.61%), respectively (supporting Table S2 ). In the present study, cerebral infarction or lacunar infarction occurred in five patients, and acute myocardial infarction occurred in two patients (Table S1 ). Six deaths were reported during the observation period. Of these, four were deemed to be unrelated to treatment, whereas the remaining two (acute myocardial infarction and brain stem infarction) were considered to be related to tofogliflozin. Table 4 summarizes ADRs of special interest in the present study. ADRs associated with polyuria/pollakiuria were predominantly pollakiuria, which occurred in 33 patients (2.19%). These were observed in 16 patients within the first 4 weeks of treatment, 10 patients from 5-8 weeks and 18 patients after 9 weeks. Volume depletion-related events occurred in 58 patients (3.85%): 16 patients within the first 4 weeks, 11 patients from 5-8 weeks and 31 patients after 9 weeks. The most common ADRs associated with volume depletion were dehydration, constipation and thirst, which occurred in 24 (1.59%), 11 (0.73%) and nine (0.60%) patients, respectively. Incidences of thirst (0.60%) and constipation (0.73%) in the present study were lower than those in the preapproval clinical trials (7.55 and 2.17%, respectively), but the incidence of dehydration in the present study was higher than in the preapproval clinical trials (0.19%). A total of 15 serious ADRs were reported in this category, including dehydration (n = 4; 0.27%), cerebral infarction (n = 3; 0.20%), loss of consciousness (n = 2; 0.13%), lacunar infarction (n = 2; 0.13%) and others (n = 4; 0.27%). Urinary tract infection-related ADRs included cystitis (n = 16; 1.06%) and urinary tract infection (n = 10; 0.66%). Among the urinary tract infections, pyelonephritis (n = 3), urinary tract infection (n = 1) and septic shock (n = 1) were serious, but improved after discontinuation of tofogliflozin. The most common type of genital infection-related ADRs was pruritus genital (n = 9; 0.60%). Genital infection-related ADRs occurred in nine patients within the first 4 weeks, but no consistent trend was seen in the time of onset of urinary tract infections. Women were significantly more likely to develop both urinary tract and genital infections than men, with the male-to-female ratio being 2:29 (P < 0.0001) and 3:17 (P = 0.0029), respectively. All cases of genital infection were non-serious.
Hypoglycemia was reported in 16 patients (1.06%), six of whom experienced the event within the first 4 weeks. Concomitant antidiabetic drugs, including insulin (n = 6), sulfonylurea (n = 8), biguanide (n = 9), DPP-4 inhibitors (n = 14) and Thiazolidinedione (n = 3), were used with tofogliflozin in 15 patients who developed hypoglycemia. More than two drugs were used with tofogliflozin in most cases, and concomitant insulin or sulfonylurea was used in 14 patients. One patient took tofogliflozin as monotherapy, and hypoglycemia occurred within the first 2 weeks. None of the cases of hypoglycemia was serious. Skin disorders were more common in the present study (2.39%) than in the preapproval clinical trials (1.51%). Onset was within the first 4 weeks among the 12 patients who experienced these disorders, the most common of which were rash and pruritus. One out of four cases of drug eruption was serious.
On 
Effectiveness, changes in laboratory variables and vital signs
The mean HbA1c -SD decreased from 7.64 -1.35% at baseline (n = 1,347) to 7.17 -1.17% (n = 1,404) at the last visit, a decrease of -0.46 -1.01% (P < 0.0001; Table 6 ). A significant reduction in HbA1c was observed in patients whose eGFR baseline was ≥45 mL/min/1.73 m 2 , but no appreciable glucoselowering effect of tofogliflozin was observed in patients whose eGFR were <45 mL/min/1.73 m 2 (supporting Table S3 ). BMI was not associated with the glucose-lowering effect of tofogliflozin (supporting Table S4 ).
The mean bodyweight -SD decreased from 67.43 -12.52 kg at baseline (n = 1,037) to 64.67 -12.12 kg (n = 1,122) at the last of visit, a decrease of -2.71 -3.57 kg (P < 0.0001; Table 6 ). There was no correlation between bodyweight loss and baseline eGFR (Table S3 ), but dependent on BMI (Table S4 ). The effect of tofogliflozin on changes in other laboratory variables and vital signs is summarized in Table 6 . Fasting blood glucose, BMI, systolic blood pressure, diastolic blood pressure and uric acid decreased significantly (P < 0.0001), whereas significant increases in high-density lipoprotein cholesterol, hematocrit and blood urea nitrogen were observed (P < 0.0001). There was no significant change in eGFR during the observation period.
DISCUSSION
We designed the present prospective, observational and multicenter post-marketing study to evaluate the safety and effectiveness of tofogliflozin in routine clinical practice. Elderly male and female patients aged ≥65 years with type 2 diabetes mellitus without exclusions for concomitant diseases and concomitant medications were enrolled. In contrast in the preapproval clinical trials, a number of elderly patients were excluded because of the number and/or severity of their comorbidities, which were defined in the exclusion criteria, resulting in limited safety information for elderly patients 25 . Furthermore, elderly patients aged ≥65 years comprise 63.4% of all type 2 diabetes . The clinical and functional heterogeneity of elderly patients with type 2 diabetes mellitus requires special management by clinicians when making treatment decisions, and necessitates an individualized approach 27, 28 . Therefore, it is extremely important to know how safe and effective tofogliflozin is in the real-world setting of type 2 diabetes mellitus, as it is encountered in routine clinical practice.
In the present study, the mean age -SD was 72.4 -6.0 years, and 33.1% of the elderly patients were aged ≥75 years. Notably, the overall incidence of ADRs in this study (17.92%) was lower than it was at the time of approval (37.45%), but the types of ADRs were similar. SGLT2 inhibitors reduce sodium reabsorption and block glucose reabsorption from the proximal tubules of the kidney, resulting in a mild diuretic effect 7 . This osmotic diuresis could lead to pollakiuria and volume depletion-related events 29 . The incidence of dehydration (1.59%) in the present study was higher than that at approval (0.19%), but thirst (0.60%) was less frequent than at approval (7.55%). It is well known that the level of thirst experienced by elderly patients is often insufficient to ensure that they drink enough fluids to compensate for the amount of water lost, and consequently they tend to suffer from dehydration 30 . It should be considered that among the 40 serious ADRs in 33 patients in the present study, 15 were volume depletionrelated events, and a multivariate logistic regression analysis identified age ≥75 years as a significant factor associated with these events. Although concomitant diuretics might increase the risk of volume depletion-related events, multivariate logistic regression analysis did not identify as an influencing factor.
The constant presence of glucose in the urine caused by SGLT2 inhibition theoretically could increase the risk of urinary tract infections and genital infections. Urinary tract and genital infections are widely recognized as class-related adverse events, and in the present study the incidence in women was higher than in men 31 . Although hypoglycemia is the most important safety concern associated with the use of antidiabetic agents, the risk of hypoglycemia in treatment with SGLT2 inhibitors is reported to be low because of its insulin-independent mechanism of action 32 . Most cases of hypoglycemia associated with administration of tofogliflozin in the present study occurred in combination with other classes of antidiabetics, such as insulin and sulfonylureas, which are known to cause hypoglycemia. Only one patient receiving tofogliflozin as monotherapy experienced hypoglycemia. Skin disorders are recognized as the most common ADRs associated with SGLT2 inhibitors 20 , and these were reported in 36 patients (2.39%) in the present study.
Although it is unknown whether skin disorders are class adverse effects, there seems to be cross-reactivity among SGLT2 inhibitors, and the statement by a committee of Japanese experts recommends that patients who develop a skin rash should immediately consult a dermatologist 20 . Multivariate logistic regression analysis identified the variables of female, kidney disorder and concomitant use of GLP-1 receptor agonist as factors influencing all ADRs of special interest. Being female could be a major contributing factor to the incidence of urinary tract infection, but further study is required to elucidate why kidney disorder and concomitant use of a GLP-1 receptor agonist were factors associated with all ADRs of special interest.
Ketoacidosis is considered to be a serious acute complication of this class of compounds, particularly in the USA and European countries 32, 33 . As of July 2015, three cases of diabetic ketoacidosis were reported in patients taking tofogliflozin 34 . One of them was documented in this study.
Intensive glycemic control with tofogliflozin in elderly patients with type 2 diabetes mellitus was shown in the present study, supporting the robust effectiveness demonstrated in previous randomized placebo-controlled double-blind preapproval trials 14 . Reduced renal function (eGFR of <45 mL/min/ 1.73 m 2 ) attenuated the glucose-lowering effects of tofogliflozin, similar to the clinical findings reported for other SGLT2 inhibitors 35 . In contrast, bodyweight loss was independent of baseline eGFR. This is the first time such an observation has been made, and requires further investigation.
There were limitations to the present study. Onset of most ADRs was observed to occur early in the treatment period. It is unclear whether this was due to drug properties or was a seasonal factor, as patients started to take tofogliflozin during the height of summer, when temperatures were high. Second, the present study focused solely on elderly patients, and therefore the outcomes do not necessarily apply to younger patients. Finally, an individual physician judged the appropriateness of treatment with tofogliflozin, but the recommendation statement issued by the committee of Japanese experts after this study commenced might influence patient selection in the future.
Randomized controlled trials can provide the highest levels of clinical evidence with the least bias, but cannot collect all data relevant to use in routine clinical practice. Therefore, the present post-marketing study is of paramount importance in that it provides feedback on the use of tofogliflozin in routine clinical practice. Based on the results of the interim analysis of all 6 SGLT2 inhibitors including tofogliflozin in Japan, the committee of Japanese experts updated the recommendation on 12 May 2016. The population in whom the use of SGLT2 inhibitors is not recommended consists of those aged ≥75 years or those aged between 65 and 74 years with geriatric syndromes, such as sarcopenia, cognitive decline and decline in the performance of activities of daily living.
In conclusion, the present post-marketing study of tofogliflozin showed that the incidence of ADRs in elderly patients aged ≥65 years was similar to that observed in preapproval trials with no additional special concerns. It was shown that treatment with tofogliflozin was associated with significant improvements in clinically relevant surrogate markers, such as HbA1c and bodyweight, in elderly Japanese patients with type 2 diabetes mellitus. 
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